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1. BACKGROUND

Accurate, updated navigational data is a critical requirement in

anti—mine countermeasures (ANCH). The Raydist navigation system (Teledyne

Hastings) provides such data by referencing the aircraft or vessel engaged

in mine sweeping operations to fixed Raydist transmitter locations .

Using a patented heterodyne technique , the Raydist system provides con-

tinuous phase comparison of signals emanating from the stationary Raydist

transmitters. For proper operation these reference signals must be

received continuously without anomalous phase or amplitude fluctuations

aboard the aircraft or vessel. The signal levels received are functions

of many parameters such as the location of the Raydist receiving antenna

and the configuration of the aircraft. The mutual interaction of the

aircraft skin, the receiving antenna, and the tow cable for the ANCM

platform can cause severe distortions in both the signal magnitude and

phase received from the Raydist transmitters.

In this report , the radiation characteristics of the Raydist antenna

system aboard the RH—53D helicopter are examined together with the Mark

105 ANCM platform. Using predictive computer techniques the re—radiation

and coupling effects of the Raydist receiving antenna, aircraft , and tow :
cable are incorporated . The results from this investigation will be

used as a baseline and bench mark to treat analytically , and ultimately •

to optimize, other systems used in the AMCM effort. 

:: :T::::~~~
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2. OBJECTIVES AND APPROACH

This investigation focused on the following objectives:

a) development of a suitable computer model for the RH—53D hell—

copter to predict the hf radiation characteristics at 1.6 and

3.3 MHz both in free—space and in a hover mode above the sea.

In this analysis , the radiation patterns are computed for the

prototype Raydi.~t receiving antenna (modified retractable hf

type) presently in use on the RH—53D aircraft.

b) extension of the above model to include the effects of the tow

cable attached to the Mark 105 ANCM platform , at a nominal

flight altitude of 30 m (100 ft).

The technique used by MDRL for this study is an extension of the

analysis described in References 1—3 for hf loop radiators on helicopters

and relies on the method of moments (MM). A synopsis of this technique,

particularly germane to the present investigation, is given in Reference

4. In this technique, the vehicle fuselage is represented by a segmented

conducting surface. A typical helicopter can be approximated by a

perfectly conducting body of revolution, having a surface area equivalent

to the original vehicle fuselage. The receiving antenna and tow cable

can be attached at arbitrary locations on the body . An idealized repre-

sentation of the configuration used in this study is shown in Figure 1.

As described in Reference 2, the entire radiation problem can be

treated as an equivalent network system , with the unknowns being the cur-

rents on the surface of the body (fuselage), the antenna, and the tow

cable. In this analysis , the interactions between th~ fuselage, antenna ,

and tow cable are in an analytically amenable form, permitting the phase

distortion and re—radiation effects of various parts of the configuration

(such as helicopter appendages and tow cable) to be included in the

overall radiation patterns .

A computer algorithm was used to determine the power gain of the

Raydist (whip) antenna aboard the aircraft with and without the tow cable

present. The power gain was calculated in the horizontal (yaw) plane in

both the horizontal and vertical polarizations . In addition to the

power gain , the phase variation of the Raydist receiving system as a
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Retract:bIe~~~~~~~~~~~~~~~~~~~~ZC~~~ Mark 105

/////////// ,~~//////, Se~
GP77-O1 11 -25

Figu re 1 MM representation of helicopter with a whip antenna and tow cable
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fur~ction of azimuthal angle was also calculated at the principal Raydist

frequencies of 1.6 and 3.3 MHz. Since the navigational data in the Ray—

dist system is obtained from the phase differences measured aboard the

aircraft of signals emanating from the stationary transmitters , phase

variations of the receiving antenna system are important and can

affect adversely the proper functioning of the Raydist system . This

problem will be discussed later.
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3. RESULTS

Five different antenna—tow cable configurations were investigated

f or the RH—53D aircraft modeling various conditions encountered in the

operation of the Mark 105 ANCM platform. These configurations were:

1) no tow cable, 2) vertically extended tow cable. 3) short tow cable

trailed aft, 4) short tow cable trailed aft 20 deg. to port side , and 5)
long tow cable trailed aft. The radiation characteristics in the horizontal

(yaw) plane for the whip antenna presently used aboard the aircraft with

each of these configurations are described below .

Case 1: No tow cable.

Initially the power gain characteristics of the Raydist whip antenna

mounted at Station 272 and located 48.3 cm (19 in) from the centerline

on the bottom port side of the aircraft were computed without any tow

cable attached to the aircraft. The antenna consisted of a 16 gauge

braided wire, 136 cm (53.5 in) in length , extending vertically from the

fuselage. The wire was terminated at its tip with a 50 M~2 static sup-

pressor resistor . In these calculations an aircraft altitude of 30 m

(100 ft) was assumed , and a sea conductivity of 5 x l0~~ siemans (S)/m,

corresponding to a salinity of 35 parts per thousand was used .

The gain patterns for this antenna at 1.6 MHz in vertical and hori—

zontal polarizations are shown in Figures 2 and 3, respectively , plotted

in dB. The phase variation in the vertical polarization is shown in

Figure 4. As can be seen the vertically polarized pattern is effectively

isotropic in both magnitude and phase. In the horizontal polarization

on the other hand , the gain pattern shows two distinct nulls off the

tail of the aircraft. Broadside , the magnitude of the patterns in the

two polarizations are approximately equal. The corresponding results at

the other principal Raydist frequency of 3.3 MHz is given in Figures

5—7.

Case 2: Tow cable in vertical position.

For analysis of cable e f f e ct s , the foregoing calculations were

repeated for the case where the tow cable extended vertically from the

aircraf t. The same aircraft altitude and antenna 3 cation were used as

in Case 1. The vertically and horizontally polarized patterns for this

%‘VCDO~~ ftIELL DOUGLAS RE9~~ A RC’H LA SORATC’RIES 
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Nose

—75 —65 —55 —45 —35 dB

Horizontal plane
(vertical polarization)

GP77-O 1118

Figure 2 Computed power gain for whip antenna on RH-53D at 1.6 MHz for case 1 (no tow cable)
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Nose

—55 —45 —35 dB

Horizontal plane
(horizontal polarization)

Figure 3 Computed power gain for whip antenna on RH-53D at 1.6 MHz for case 1 (no tow cable)
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120 -

100 - 1.6 MHz
Vertical Polarization

80-

f :a13
20 - ~~~~~~~~~~~~~~~ ~4’I Case 2

::::
I I I I I I I I I I I I I

—160 —1 20 —80 —40 0 40 80 120 160
0 (beg)

Nose Tail Nose
Starboard Port G P77- O l l l - 2

Figure 4 Phase variation for cases 1 through 4 at 1.6 MHz
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Nose

—61 —51 —41 —31 —21 dB

Horizontal plane
(vertical polarization)

GP77 Olfl 21

Figure 5 Computed power gain for whip antenna on RH-53D at 3.3 MHz for case 1 (no tow cable)
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Nose

—68 —58 —48 —38 —28 dB

Horizontal plane
(horizontal polarization)

GP77 01 11- 2 0

Figure 6 Computed powe r gain for whip antenna on RH-53D at 3.3 MHz for case 1 (no tow cable)
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__________________________  

0r 90

100 /~~ ~~~~~~~~~~~~~~ 3.3 MHz
/ Vertica l Polarization

80 /
/ \

60 /
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40 /
I’ 2 0 •  \

—20 - Case 2  -/
—40- / -

/ Case 3
—60 - / -

-80 - / \ \  -
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-100 - / \ \ .
— 120

—140 I I I I I I I I I I I I I I 
—

—160 —120 —80 —40 0 40 80 120 160
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Nose Tail Nose
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Figure 7 Phase variation for cases 1 through 4 at 3.3 MHz
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case at 1.6 and 3.3 MHz are shown in Figures 8—11. It is interesting to

note that in this case the nulls in the horizontally polarized pattern

(Figure 9) appear to be shifted to the vicinity of the nose of the

ai rcraft  from their previous position (with no tow cable) near the tail

(Figure 3).  The vertical patterns (Figures 8 and 10) appear isotropic

at both frequencies in magnitude only , and as can be seen in Figures 4

and 7 there is no phase isotropy . Maximum phase changes of 80 and 110

degrees at 1.6 and 3.3 MHz , respectively occur. As shown below, a

similar nonisotropic phase behavior is present in the subsequent con-

figurations.

Case 3: Short tow cable, trailed aft.

In this configuration, the tow cable was assumed to be 43 m (14]. ft)

in length and was trailed so as to form a 45 0 angle with the sea. In

these calculations only weak coupling to the sea was considered since

the Mark 105 tow cable appears to provide only a poor link at hf fre-

quencies. The antenna position and aircraft altitude were unchanged

from Case 2. The gain patterns for this case are given in Figures 12—15.

Superimposed on these results are the results for Case 2 (with a vertically

extended tow cable). As expected , the vertical cable reradiated most of

the impinging energy in the vertical polarization , resulting in a slight

enhancement of the vertical polarized signal (Figures 12 and 14) and a

substantial (20 dB) reduction in the horizontally polarized signal

(Figures 13 and 15) from the case of the obliquely trailed tow cable

(Case 3). The phase variations in Figures 4 and 7 again show significant

nonisotropy for the present case.

Case 4: Short tow cable, trailed aft 20 deg. to port side .

This configuration differs from the preceding one in that the cable

is trailed 20 deg. off the centerline toward the port side. This case was

considered to test the sensitivity of the pattern to simulate cable—air-

craft orientations that might occur during turning maneuvers. Calcu-

lations show that the vertically polarized patterns are effectively

identical to those for Case 3. In the horizontal polarizetion (Figures

16 and 17), the nulls disappear off the tail of the aircraft. This is

an expected result since a null off nose or tail, presupposes centerline

~ VCDON~~ ELL DOUGLAS RESEA RC H LABORATORIES
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Nose

_ _

—70 - 60 —50 —40 —30 dB

Horizontal plane
(vertical po lar izat io n)

OPT? 0 1 11 10

Figure 8 Computed power gain for whip antenna on RH-53D at 1.6 MHz for case 2
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Nose

—89 —79 —69 —59 —49 dB

Horizontal plane
(horizontal polarization)

GP77-0 111-12

Figure 9 Computed power gain for whip antenna on RH-53D at 1.6 MHz for case 2
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Nose

—58 —48 —38 —28 —18 dB

Ho zOnta l phne

OPT? 0111 13

Figure 10 Computed power gain for whip antenna on RH-530 at 3.3 MHz for case 2
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Figure 11 Computed power gain for whip antenna on RH-530 at 3.3 MHz for case 2
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Nose

— -~~~

/
/

—70 - -60 —50 -40 —30 dB

\
\ /

1
1

— Horizontal plane
(verlicat polar izat ion)

cj se 2 ~~~~~ cab ie vert ical l y earended )
— — case 3 sho rt tow cable , trai led a f t )

6P 7 7  0111 9

Figure 12 Com~uted power gain for whip antenna on RH•53D at 1.6 MHz for cases 2 and 3
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(horizontal polarization)

case 2 ltow cable , vert ical l y extended )

— — case 3 Ishort tow cable , trailed af t )  G P77 - 0 1 1 1 - 1 1

Figure 13 Computed power gain for whip antenna on RH-53D at 1.6 MHz for cases 2 and 3
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Horizontal plane
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Figure 14 Computed power gain for whip antenna on RH-53D at 3.3 MHz for cases 2 and 3
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Figure 15 Computed power gain for whip antenna on RH-53D at 3.3 MHz for cases 2 and 3
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Figure 16 Computed power gain for whip antenna on RH-53D at 1.6 MHz for cases 3 and 4
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Figure 17 Computed power gain for whip antenna on RH-53D at 3.3 MHz for cases 3 and 4
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symmetry in the radiating or receiving structure which , of course, is

absent in this case. Again, in this configuration the phase shifts for

the antenna patterns are significant . (see Figures 4 and 7, Case 4)

Case 5: Long tow cable, trailed aft.

For this case, a tow cable of 137 m (450 ft) length was used and

trailed behind the aircraft, forming an angle of 13 deg. with the sea

surface. This configuration is the usual tow mode for the Mark 105

platform. The power gain patterns for vertical and horizontal polari-

zation and the phase changes for the vertical polarization at 1.6 MHz

are shown in Figures 18—20. The increased lobe structure in the

patterns reflects the fact that in this case the electrical length of

the composite aircraft—tow cable configuration is comparable to a

wavelength. As seen in Figure 20, the phase of the gain pattern (for

vertical polarization) crosses the zero axis, corresponding to a power

gain minimum at 0 = 90 deg. The maximum phase swing from the nose of

the aircraft to the tail is considerable, namely 420 deg. The corre—

sponding results at 3.3 MHz are shown in Figures 21—23. At this fre—

quency , the composite structure is approximately two wavelengths long

electrically, and hence additional lobes in the gain and corresponding

zero crossings in the phase appear.
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Figure 18 Computed power gain for whip antenna on RH-530 at 1.6 MHz for case 5
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Figure 19 Computed power gain for whip antenna on RH-53D at 1.6 MHz for case 5
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Figure 20 Phase variation for case 5 at 1.6 MHz (vertical polarization)
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Figure 21 Computed power gain for whip antenna on RH•53D at 3.3 MHz for case 5
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Figure 22 Computed power gain for whip antenna on RH.53D at 3.3 MHz for case 5
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Figure 23 Phase variation for case 5 at 3.3 MHz (vertical polarization)
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4. IMPLICATION OF PHASE VARIATIONS

As was noted above there is nonisotropy in the phase for the

receiving antenna system aboard the helicopter when various tow cable

configurations are considered. (see Figures 4 and 7) In the usual

Raydist installation an isotrop ic receiving antenna is used so that

phase differences detected by the phase comparators aboard the vessel or

aircraft can be related uniquely to a given posi tion in the hyperbol ic

coordina t i’ system generated by the Raydist system. Phase anisotropies

introduced by the receiving antenna system , can lead to incorrect inter—

pretation of the detected phase d i f ferences  and resul t in err oneous

navigational data. This effect can be demonstrated as follows.

The standard arrangement of a four station Raydist transmitter

system for hyperbolic mode operation is shown in Figure 24. The cw

transmitters are denoted by “1” and “2” ; the corresponding transmitters

operat ing on the lower side band (LSB) and upper side band (tJSB) fre-

quenc ies are “A” and “B” , respec tively. Typical frequencies correspond-

ing to “1” and “2” are 3307.420 and 3307.570 kHz, and the corresponding

LSB and USB frequencies of “A” and “B” are 1653.155 and 1654.28 kHz,

respectively . (In the foregoing calculations nominal frequencies of

1.6 and 3.3 MHz were used to demonstrate the overall radiation character-

istics of the whip antenna.) If the aircraft is assumed to be located at

point H (Figure 24), the output of the two phase comparators aboard the

aircraft , detecting the phase difference between the two pairs of cw

and SSB transmitters , may be expressed as:

~1-A ~1-A 
+ ~~~~~~~ 

~lH~

~2-B 
= 

~2-B 
+ 

~~~
0BH ’ 82H~
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Figure 24 Four-station Raydist “1” system
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where and 
~2—B 

ar e the ph ase d if f erences meas ured at H be tween a
pair of cw and SSB signals , assuming an isotropic receiving antenna on

the aircraft. Note P1 A  and 
~—B 

are f unc tions of the dis tance of the

helicopter from the Raydist transmitters , whereas ,~4 is a f unc tion of
the difference of phase variation in the receiving antenna at the cw and

the SSB frequencies (3.3 and 1.6 ~‘fl1z in the prese’it calculations). The

term L~~~~ is also a function of the direction angle between the helicopter

and the Raydist transmitters. The phase shift difference in vertical

polarization for the five cases considered in this study are summarized

in Figure 25. All results are initialized to zero phase difference at

the nose of the aircraft. As can be seen without the tow cable present ,

t4 < 20 deg . and very slowly varying with the orientation of the air-

craft. Thus in this case, the phase comparators aboard the aircraft

respond effectively to distances from the Raydist transmitters alone

since 
~l—A ~ ~l—A 

and 
~2—B ~ ~2—B~ 

However , as seen in Figure 25, for the

other cases A~j undergoes significant variation. These become particularly

pronounced for the long tow cable (Case 5) and thus the phase detected

aboard the aircraft contains the tow cable effects . In principle , if

the helicopter is in a hover mode over a fixed point and turning, the

phase variation in the receiving antenna pattern may produce outputs on

the phase comparators similar to ones produced by lateral fligh t (and

lane changes).

~4COO~~~~~ELL DOUGLAS RESE A AC H L A f lO R A  T O R I E S

32 

- — ---- ‘-- —‘---- --‘----— —-—‘—---~------— -‘-—‘-— —‘--‘---— —
~~~ ‘~~--~- ‘ -- ----—‘—-- - - - - - - -~~

.
~~---~~~~~ —-.--‘-----—~‘— ----- — —-—-- ‘- - - -



________________________________ - ‘ .. ‘ r ’.~’ -’————— ’—— -—-’.-’— - ——’——’~~ .7---..-’— — - -— ‘ —,—— .—— —?—‘ _——— .— ‘——-— . ‘~~~~~~~~~~ —,,‘-—‘ ——,.,—,.—--—r—.,-——,——- -~~,-‘--,~ —_—,— ,,“-- ‘~~~~~~ .‘-,—--..- .. ‘ ‘ ‘‘‘ ‘

Report MDC Q0616
1 February 1977

440 i i i r ’ ’ i r  i j
420 — —

400 — 
‘1 Phase differe i~cu in i t i a l i z ed 

—
I ~ at nose of d lrcraf t

380 — —

360 — I l  —

340 — —

320 — —

300 — 1 I —

280 — —

260 — I —

240 — 
I 

—

220 — —

200 — —

180 — —

~~~~ 160 — \.~ 
/ I —

140 — 
• 5 . .-~ ~ 

,,~—Case 5 
—I / \\

120 — I // ‘ —

100 — I ~~~~~~ 
\*\ \  Case 4

80 - 
7/  ~~~~Case 2 -

/ 
Case 3

—120 — / —

-140 - \ I
I

—160 — I
-180 - -

~

-200 - -
~~

—220 ~ I I I I ) J I  I
—160 —120 —80 —40 0 40 80 120 160

0 (deg)
Nose Tail Nose

Starboard Port
6P77 011 1 24

Figure 25 Phase shift difference for vertical polarization
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5. CONCLUSIONS AND RECOMMENDATIONS

1) The computer calculations show that the bottom mounted whip antenna

(modif ied retractable hf type) on the RH—53D helicopter is effectively

isotropic in both magnitude and phase in the absence of a tow cable.

In this configuration this antenna appears to be an effective receiv-

ing element for Raydist navigation.

2) In the presence of a tow cable , the analysis indicates considerable

phase anisotropy in the radiation pattern. Horizontally and

vertically polarized currents appear to be induced on the fuselage

by the incident signals from the Raydist transmitters. These cur-

rents couple to both the receiving antenna and the tow cable, with

the latter acting as a competing receiving system. The phase (and

power gain) anisotropy appears to be pre—dominant when the RH—53D

operates in the usual tow mode with a cable of 137 m (450 ft) length.

3) It appears that an ANCM platform and tow cable such as the Mark 103

that is strongly coupled to the sea will accentuate the phase vari-

ations in the receiving antenna system.

To improve the receiving system on the RH—53D for Raydist naviga-

tion, a two—pronged apprach combining experimental as well as analytical

techniques is recommended . Specifically we recommend :

1) Computer calculations should be performed for different antenna

configurations , in which the fuselage coupling and currents are

pa rametrically varied for  optimum isotropic radiation character-

istics .

2) An experimental investigation should be undertaken to identify

modif icat ions  to the present whip antenna system to improve the

efficiency of the antenna (by tuning and impedance matching) and

to minimize the deleterious coupling to the fuselage. The

possibility of using two whip antennas properly tuned to the

principal Raydist frequencies should be considered.

3) Optimization studies should be performed to determine the best

antenna location for the most promising antenna configuration

obtained from the experimental and analytical effort above.
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4) In case the modifications of the whip antenna do not yield suf—
- I icient satisf actory improvements in performance as determined

by fu ll scale tests on the Rll—53D helicopter operating with the

- Mark 103 ANCM system , a new antenna configuration minimizing the

interaction with the fuselage currents should be considered.

I

~‘ICDO N~~ ELL DOUGLAS RESEARCH LABORATORIES

~~~ 35 

-- -



- ‘~~~ ‘7~~~~~~’ 
_‘-

~ 
- —- . _____ _—‘_ ‘-- -.

Report MDC Q06l6
1 February 1977

6. REFERENCES

1. J . R. Mautz and R. F. Harrington, Radiation and Scattering from

Bodies of Revolution, J. Appi. Sd . Res. 20, 405 (1969).

2. J. R. Mautz , Scattering from Loaded Wire Objects Near a Loaded

Surface Revolution, SURC TN 74—030, Syracuse Univeristy , NY ,

January 1974.

3. L. N. Medgyesi—Mitschang , Prediction of hf Antenna Radiation

Patterns , ECOM Report 75—0907—F (July 1976).

4. Development of Baseline Model for hf Radiation Characteristics

of the RH—53D Helicopter and the Mark 105 ANCM Sys tem , MDC Report

QO606, Vol I, 17 Sept. 1976.

~1CDO ~~~~~ELL DOUGLAS RESEA ACM LABORATORIES 

-— —_ - ~~~~~~~

—

—~~~~~~~~~~~~~~~ - - --- - ‘~ ____


